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Abstract Purpose: The in vivo antitumor activity of a
novel topoisomerase I inhibitor, J-107088, was tested in
athymic nude mice bearing subcutaneous or intracranial
pediatric and adult malignant CNS tumor-derived
xenografts. Methods: J-107088 was administered to
animals on days 1-5 and 8-12 via intraperitoneal injec-
tion at a dose of 54 mg/kg (162 mg/m?) per day in 10%
dimethyl sulfoxide in 0.9% saline. The xenografts eval-
uated were derived from a childhood glioblastoma
multiforme (D-456 MG), a childhood medulloblastoma
(D-341 MED), an adult anaplastic astrocytoma (D-54
MG), an adult glioblastoma multiforme (D-245 MG),
and a procarbazine-resistant subline of D-245 MG
[D-245 MG (PR)]. Results: J-107088 produced regres-
sions and significant growth inhibition in all five of the
xenograft lines growing subcutaneously. Growth delays
ranged from 7.6 days with D-245 MG to 62.1 days with
D-456 MG (P <0.001). J-107088 also produced an 83%
increase in survival in mice bearing intracranial D-456
MG (P <0.001). Conclusion: These results indicate that
J-107088 may be active in the treatment of childhood
and adult malignant brain tumors and provide the
rationale for initiation of clinical trials with this agent.
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Introduction

Malignant tumors of the central nervous system (CNS)
are a significant cause of morbidity and mortality among
both children and adults. Despite the use of compre-
hensive multimodality treatment approaches incorpo-
rating surgical, radiotherapeutic and chemotherapeutic
interventions, treatment results remain modest at best.

The majority of children and adults with newly
diagnosed glioblastoma multiforme demonstrate rapid
and fulminant tumor progression despite aggressive
therapy [4]. Virtually all patients with recurrent malig-
nant brain tumors, including glial and neuronal tumors,
fail salvage therapy and die quickly. Newer strategies
such as gene therapy, cancer vaccines, and biological
approaches, including antiangiogenic agents, are being
evaluated in a spectrum of phase I trials. However, these
approaches remain unproven, offering much promise
but no substantive therapeutic benefit to date. Accord-
ingly, the continued search for new, potentially active
chemotherapeutic agents is necessary if outcomes are to
be improved for patients with brain tumors.

The role of topoisomerase I inhibitors in the treat-
ment of CNS tumors is now emerging. CPT-11 and
topotecan have shown modest activity against recurrent
malignant glioma in adults, with precise evaluation of
antineoplastic activity compromised by the adverse ef-
fect of anticonvulsants [8, 10]. Newer topoisomerase |
inhibitors are needed, particularly with more favor-
able pharmacokinetics in patients treated with anti-
convulsants.

J-107088 [6-N-(1-hydroxymethyla-2-hydroxy)ethyla-
mino-12,13-dihydro-13-(f-p-glucopyranosyl)-5 H-indolo
[2,3-a]-pyrrolo[3,4-c]-carbazole-5,7(6 H)-dione; Fig. 1], is
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Fig. 1 Structure of J-107088 [6-N-(1-hydroxymethyla-2-hydroxy)
ethylamino-12,13-dihydro-13-(f-p-glucopyranosyl)-5 H-indolo[2,3-
al-pyrrolo[3.,4-c]-carbazole-5,7(6 H)-dione]

a novel indolocarbazole which inhibits topoisomerase |
and differs from the camptothecins in potentially im-
portant ways. Camptothecin and its analogues selec-
tively mediate DNA cleavage at a T 1 G/A site whereas
J-107088 mediates cleavage at a C/T | G site [17].
Furthermore, the cleavable DNA-topo 1 complex
formed by J-107088 appears to be more stable than that
of camptothecin, remaining bound at higher concen-
trations of NaCl and effectively inhibiting topo I at
lower concentrations of added drug [17]. J-107088 does
not form any reactive metabolic intermediates and is not
a substrate for P450-mediated metabolism in vitro.

We now report the activity of J-107088 in the treat-
ment of a panel of malignant CNS tumor-derived
xenografts growing subcutaneously and intracranially
in athymic nude mice. J-107088 demonstrated statisti-
cally significant antitumor activity against all xenografts
tested in both the subcutaneous and intracranial sites.

Materials and methods

Animals

Male and female athymic BALB/c mice (nu/nu genotype, 6 weeks
of age or older) were used in all studies and were maintained as
described previously [3].

Tumor cell lines

A panel of five xenografts derived from a pediatric high-grade
glioma (D-456 MG), adult high-grade gliomas [D-54 MG, D-245
MG, D-245 MG (PR)] and a pediatric medulloblastoma (D-341
MED) were used and maintained as described previously [7, &].

Subcutaneous xenograft transplantation

Tumors were removed from host animals under sterile conditions
in a laminar flow contaminant hood. The tumor tissue was placed
in a modified tissue press and passed through a bilayered mesh
cytosieve. The resultant homogenate was further separated by
passage through a 19-gauge needle before being placed into a 250-
pl Hamilton syringe dispenser and used to inoculate the right flank
of animals with 50 pl of tumor homogenate as described previously

[5].
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Intracranial xenograft transplantation

Intracranial tumor transplantation into the right cerebrum was
performed with inoculation volumes of 5 pl using a 17-gauge
needle equipped with a sleeve allowing 4.5 mm penetration as
described previously [6].

Tumor measurements

Tumors were measured twice weekly with hand-held vernier cali-
pers (Scientific Products, McGraw, III). Tumor volume was
approximated according to the following formula: [(width)*x
(length)]/2.

Chemotherapy agent

J-107088 was synthesized and provided by the Banyu Tsukuba
Research Institute (Tokyo, Japan).

Treatment

In replicate experiments, J-107088 was administered to animals on
days 1-5 and 8-12 via intraperitoneal (i.p.) injection at a dose of
54 mg/kg (162 mg/m?) per day using a 2 mg/ml drug solution in
10% dimethyl sulfoxide in 0.9% saline. Animals were only treated
with this regimen once. This represents the dose lethal to 10% of
treated animals (LDg). In subcutaneous xenograft studies, ran-
domly selected groups of nine or ten animals began receiving
treatment when the tumor volumes were within the range 100—
500 mm?>. Tumor measurements were subsequently compared with
those of control animals receiving drug vehicle. In intracranial
xenograft studies, a group of ten randomly selected animals re-
ceived treatment 12 days after inoculation, a time-point that rep-
resents 50% of the time elapsing between initial tumor inoculation
and the median day of death as previously defined in intracranial
tumor-bearing mice receiving no therapy.

Assessment of response

The response of subcutaneous xenografts was assessed according to
delay in tumor growth and by tumor regression. Growth delay,
expressed as T-C, was defined as the difference in days between the
median time required for tumors in treated (T) and control (C)
animals to reach a volume five times greater than that measured at
the start of treatment. Tumor regression was defined as a decrease
in tumor volume over two successive measurements.

Statistical analyses were performed using a personalized SAS
statistical analysis program, the Wilcoxon rank order test for
growth delay, and Fischer’s exact test for tumor regression as de-
scribed previously [6]. The response of the intracranial xenografts
was determined by calculating the percentage increase in median
survival for treated animals as compared to control animals. Sta-
tistical analysis was performed using the Wilcoxon rank order test
as described previously [6].

Results
Toxicity

Among the 101 treated animals, 5 deaths were attrib-
utable to drug toxicity. The median nadir weight loss
was 4.0% among treated surviving animals. The animals
tolerated the treatment well with no neurologic toxicity
noted.
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Subcutaneous xenograft therapy

J-107088 was found to have statistically significant ac-
tivity against all xenografts tested. Tumor responses are
summarized in Table 1. J-107088 (54 mg/kg per dose)
produced regressions in the majority of tumors treated
(77/91) as well as growth delays ranging from 7.6 days
with D-245 MG to 62.1 days with D-456 MG (P <0.001
for all xenografts tested; Fig. 2).

Intracranial xenograft therapy
J-107088 produced an 83% increase in median survival

in mice bearing intracranial D-456 MG xenografts
(P<0.001; Fig. 3).

Discussion

The role of the camptothecins in the treatment of CNS
tumors has been emerging in laboratory and clinical
investigations. CPT-11 and to a lesser extent topotecan
have been most comprehensively evaluated and labora-
tory studies have revealed considerable activity against a
broad spectrum of CNS tumors [7, 13]. Translation of
this work into the clinic has confirmed the activity of
these agents against malignant glioma [9, 10]. However,
CPT-11 or topotecan may not be the best agents for
treatment of CNS tumors because of the adverse inter-
action between anticonvulsants and CPT-11. Anticon-
vulsants, specifically phenytoin, valproic acid and

Table 1 Effect of J-107088 on the growth of CNS tumor-derived
xenografts growing subcutaneously in athymic nude mice (and
previously published data with CPT-11 [15] and topotecan [7]).
J-107088 was administered via intraperitoneal injection at a dose of
54 mg/kg daily on days 1-5 and 8-12 in 10% dimethyl sulfoxide in
0.9% saline. Experiments were repeated once for each xenograft
line. T-C represents growth delay in days. It is defined as the dif-
ference between the median time required for tumors in treated and

phenobarbitol, induce glucuronyl transferases with
resultant enhanced glucuronidation and clearance of
CPT-11 and topotecan [12, 14, 18]. Furthermore, this
enhanced clearance is heterogeneous, rendering attempts
to define the maximal tolerated dose of these agents in
patients receiving anticonvulsants a challenge. It may
not be possible to select a dose of CPT-11 (or topotecan)
for patients on anticonvulsants.

J-107088 is a rationally synthesized derivative of the
indolocarbazole NB-506, which is a potent inhibitor of
topoisomerase 1. Furthermore, recent studies suggest
that indole carbazole may have other cellular targets
[15]. Unlike the camptothecins, which enhance DNA
cleavage at T | G/A sites, NB-506 enhances cleavage at
C/T 4 G sites [11]. NB-506 is active against a broad
spectrum of murine tumors and human xenografts [I,
16] providing the rationale for synthesis of derivatives
with even more activity and diminished toxicity.
J-107088 is a second generation derivative with more
potent inhibition of topoisomerase I than the parent
compound NB-506 and which displays prodigious ac-
tivity in vitro [17] and in vivo [2] against murine and
human tumors. J-107088 is more active than campto-
thecin, NB-506, Adriamycin, etoposide and cisplatin
against a broad panel of human tumor cell lines. Inter-
estingly, J-107088 is effective against tumor cells with
p-glycoprotein-mediated resistance to Adriamycin
or Taxol [17]. J-107088 is also active in vivo against
human prostate and lung xenografts as well as hepatic
micrometastases [2].

Our current studies demonstrate marked activity of
J-107088 against a panel of human CNS tumor-derived

control animals to reach a volume five times that measured at the
initiation of treatment. Animals were killed when the T-C reached
90 days. All values are taken from replicate studies and are sta-
tistically significant (P < 0.001). Regression is defined as a decrease
in tumor volume over two successive measurements and was sta-
tistically significant (P < 0.001) unless indicated (*). All regressions
were at least a 50% decrease in tumor size

Experiment  Xenograft Derivation J-107088 CPT-11 Topotecan
T-C Tumor T-C Tumor T-C Tumor
(days)  regressions (days) regressions  (days) regressions
1 D-54 MG Adult anaplastic 25.6 9/9 90+ 8/8 6.3 0/10
astrocytoma
2 19.5 9/9 90+ 8/8 9/9 2/10
1 D-456 MG Childhood glioblastoma 58.0 10/10 90+ 7/7 26.2 8/8
multiforme
2 62.1 10/10 90+ 9/9 24.4 9/9
1 D-245 MG Adult glioblastoma 12.1 4/8% 25.9 10/10 13.1 8/9
multiforme
2 7.6 3/9* 27.9 77 16.5 5/8
1 D-245 MG (PR)  Adult glioblastoma 26.6 9/9 334 9/9 - -
multiforme
2 16.1 6/9 - - - -
1 D-341 MED Childhood 90 + 9/9 90+ 7/7 - -
medulloblastoma
2 90+ 8/9 90+ 10/10 - -

“Regressions insignificant
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xenografts growing in athymic nude mice, with marked
growth delays and tumor regressions. Initial studies with
topotecan [7] revealed growth delays and tumor regres-
sions less marked than those produced by J-107088.
Topotecan nevertheless produced modest tumor respon-
ses in patients with recurrent malignant glioma in a trial
which presumably underestimated its activity since
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Fig. 2 Treatment of subcutaneous xenografts growing in athymic
mice with J-107088. -M-, vehicle treated; -A-, drug-treated

the majority of patients were receiving anticonvulsants
[8]. Subsequent studies with CPT-11 [13] revealed more
substantial growth delays and tumor regression. A phase
2 trial of CPT-11 revealed modest activity, again po-
tentially due to enhanced drug metabolism secondary
to anticonvulsant use. The current results demonstrate
substantial anti-CNS tumor activity of J-107088 [10].
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Fig.
cranial xenografts growing in
athymic mice with J-107088
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Furthermore, J-107088 does not appear susceptible to
the enhanced glucururonidation and subsequent clear-
ance mediated by anticonvulsants. This distinction
from clinically available topoisomerase I inhibitors in-
cluding CPT-11 and topotecan, suggests that J-107088
may be a rational choice for treatment of patients with
CNS tumors, particularly in those patients using anti-
convulsants.
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